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Background and objective: The tuberculin test is widely used for the diagnosis of tuberculosis
(TB) in children, as it is the only one to provide evidence of infection with Mycobacterium
tuberculosis. Our objective was to estimate the prevalence of TB infection, the annual risk of
infection (ARI), and the incidence of active TB in school children.
Methods: A cross-sectional study was carried out in Ahvaz, a city of southern Iran, in 2006. A
questionnaire was used to collect information, including demographic characteristics, bacillus
Calmette—Gue´rin (BCG) vaccination history, and household contact with active TB. Tuberculin
testing was performed. Reactivity that measured<5 mmwas considered negative, between 5 and
9 mm was considered doubtful, and 10 mm was considered positive. Chest radiographs were
obtained as part of the evaluation for children with a positive result.
Results: A total of 3906 children with amean  standard deviation (SD) age of 10.59  2.63 years
(51% female, 49% male) were entered into our study. Of these, 3338 children (85.5%) did not
develop a reaction (0 mm), 243 (6.2%) had reactivity of 1—4 mm, 238 (6.1%) had reactivity of 5—
9 mm, and 87 (2.2%) had reactivity of 10 mm. More than 90% of the children had received the
BCG vaccine in the first week of life. The ARI rate was 0.5% and the estimated case of smear-
positive TB was approximately 25 per 100 000 population. Only three children were diagnosed
with active TB, a prevalence of 75 per 100 000 population.
Conclusions: Tuberculin testing using 5TU-PPD (5 tuberculin units of purified protein derivative)
is a valuable diagnostic test for latent TB and active TB in childhood. BCG vaccination has no
remarkable effect on the interpretation of tuberculin reactivity. The incidence rate of active
pulmonary TB in children in the region of study is of concern.
# 2007 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.* Corresponding author. Tel.: +98 611 3387724.
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Mycobacterium tuberculosis infects one third of the world’s
population and causes millions of cases of tuberculosis (TB)
worldwide each year.1 TB remains common throughout the
world with an estimated 9million new cases (incidence) and 3
million deaths per year worldwide.2 The great majority of
these cases (95%) and deaths (98%) are in developing coun-
tries.3 In 1993, the World Health Organization (WHO)
declared it a global public health emergency.4
TB continues to be a major public health problem in Iran
despite the implementation of a national tuberculosis pro-
gram (NTP); this may be attributed to risk factors such as drug
addiction, imprisonment, and HIV infection.5,6 In 1999 the
highest and lowest rates of TB in the provinces of Iran were
reported to be 137 per 100 000 and 10 per 100 000 popula-
tion, respectively, with an average of 26 per 100 000 popula-
tion for the country.5
The tuberculin skin test (TST) is still widely used for the
detection of M. tuberculosis infection, although several
novel diagnostic assays have been developed in recent
years.2,7 However, TST reactivity may also be observed after
bacillus Calmette—Gue´rin (BCG) vaccination or Mycobacter-
ium other than tuberculosis (MOTT) infection. Unless vacci-
nation has taken place recently, a TST reaction of greater
than 10 mm should not be attributed to the BCG.2,8
Most TB epidemiological studies, including tuberculin sur-
veys, have been conducted over limited geographical areas.
Hence, information on the prevailing epidemiological situa-
tionofTB is lacking formostpartsof Iran, suchasKhuzestan.5 It
was thereforeplanned to assess the prevailing epidemiological
situation of TB by conducting a tuberculin survey during the
period 2006—2007 in Ahvaz (the capital of Khuzestan). The
objectives of the surveywere to estimate the prevalence of TB
infection, the annual risk of infection (ARI), and the incidence
of active TB in children aged 6—15 years.
Patients and methods
This cross-sectional study was carried out in Ahvaz in Khuze-
stan, a province in the southwest of Iran, from 2006 to 2007,
using a modified WHO Expanded Program for Immunization
(EPI) random cluster methodology for sampling. The sample
size was estimated on the basis of an assumed minimum
prevalence of infection of 1%, which was itself based on
results obtained during earlier surveys in different parts of
Iran. The sample size needed was estimated to be 5000
children, for investigation in 210 clusters. For the purpose
of the survey, a primary school was considered as a primary
cluster and a guidance school as a guidance cluster. The
clusters were distributed between two strata: guidance
(n = 70) and primary (n = 140), in proportion to their popula-
tions. A two-stage sampling procedure was used to select
clusters within a stratum. In the first stage, two districts were
selected by systematic sampling: western district and east-
ern district. Within a stratum, the number of clusters
assigned to districts was in proportion to the population.
In the second stage, clusters in each district were selected
with the population proportional-to-size method. Twenty-
five were to be registered in each cluster.
In the two districts, east and west Ahvaz, 5000 children
aged 6—15 years were tested. Demographic data and survey-related data were obtained by questionnaire. We selected
tuberculin testers from the experienced health care workers
at the Ahvaz Health Center, who were trained by the inves-
tigating team. Permission for the survey was obtained from
health and educational officers. The survey proposal was
approved by the Infectious and Tropical Diseases Research
Center of Jondishapoor University of Medical Sciences.
For each child we recorded the name of the school, the
primary/guidance school grade, history of contact with an
active TB patient, and BCG vaccination status. All children
were tested with 0.1 ml 5TU-PPD (5 tuberculin units of
purified protein derivative; Razi institute, Tehran, Iran).
The tests were read after approximately 72 hours. For each
child, the maximum transverse diameter of indurations in
mm was measured with a ruler by pen-rolled method and
recorded. Reactions of<5 mm were considered negative, 5—
9 mm doubtful, and all reactions of 10 mm or more were
considered positive. Those with a positive TST were evalu-
ated for active TB by chest radiography and clinical exam-
ination. Active TB was considered if at least three of five
criteria (TST, history of contact with active disease, abnormal
chest X-ray, clinical finding, and acid-fast bacilli (AFB) in
sputum or gastric washing) were found.6
The ARI was calculated using the formula 1  PX =
(1  R)X, in which R = ARI, P = prevalence of tuberculin posi-
tivity, and X = age in years. The total estimated incidence of
new smear-positive pulmonary tuberculosis (SPPTB) per
100 000 population was calculated by multiplying the ARI
by 50. The ratios of observed and estimated incidence were
calculated.
Data were analyzed with SPSS software. The Chi-square
test with continuity correction was used to test the signifi-
cance of differences between proportions. The calculated
values of the test criteria were compared with the tabular
value at the 95% level to ascertain the significance of the test
( p < 0.05 was considered significant).
Results
A total of 5000 primary school children were enrolled in this
study. Of these, 1094 (21.9%) were excluded from the analysis
for the following reasons: 856 (17.1%) of the children because
of parental avoidance, 220 (4.4%) of the children ran away
from the team before they could be tested, and 18 (0.4%)
because of concurrent infectious diseases. Of the 3906 chil-
dren eligible for analysis, 3518 (90%) had evidence of prior
BCG vaccination. The mean  standard deviation (SD) age of
unvaccinated children was 10.2  2.6 years and of vacci-
nated children was 10.9  2.9 years. There was no significant
difference between girls and boys in vaccination coverage
( p > 0.05).
Of the 3906 children, 3338 (85.5%) had no reaction (0 mm)
to the TST, 243 (6.2%) had reactivity of 1—4 mm (giving a total
of 91.7% negative TST results), 238 (6.1%) had ‘doubtful’
reactivity of 5—9 mm, and 87 (2.2%) were considered to have
a positive TST. The mean  SD induration size in girls was
1.11  2.87 mm and in boys was 0.59  2.08 mm. There was
a significant relationship between induration size and gender
( p < 0.001). There was no significant difference between
girls and boys for TST positivity ( p = 0.575). There was also no
relationship between a positive TSTand age ( p = 0.313). The
computed ARI rate was 0.5% (based on infection among
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Table 1 Tuberculin test results in school children in Ahvaz, Iran, 2006—2007
Tuberculin reactivity (mm) Girls (N = 1995) Boys (N = 1911)
Primary school n (%) Guidance school n (%) Primary school n (%) Guidance school n (%)
0 819 (21) 817 (21) 1312 (33.6) 390 (10)
1—4 90 (2.3) 44 (1.1) 33 (0.8) 76 (1.9)
5—9 77 (2) 86 (2.2) 24 (0.6) 51 (1.3)
10—15 20 (0.5) 29 (0.7) 14 (0.4) 4 (0.1)
>15 8 (0.2) 5 (0.1) 5 (0.1) 2 (0.05)
Total 1014 (26) 981 (25.1) 1388 (35.5) 523 (13.4)unvaccinated children) and the estimated case of smear-
positive TB was approximately (0.5  50) 25 per 100 000
population. Three of the positive TST subjects had active
TB with a prevalence of 75 per 100 000. The ratio of observed
and estimated incidence was 75/25 = 3. Other results are
shown in Tables 1 and 2.
Discussion
In the present study, the mean size of indurations in tuber-
culin reactivity to 5TU-PPD was lower than that reported by
Lao and De Guia (0.85  2.48 vs. 4.5  6) and Tanrikulu et al.
(0.85  2.48 vs. 2.1  2.7).9,10 This difference is probably
due to the age at which vaccination takes place; according to
the EPI, in Iran, BCG is administered in the first week of life
and there is no revaccination program.5,6
The present study showed that more than 85% of children
had no reaction to the tuberculin test. There have beenmany
previous studies showing no reaction (0 mm) to TST in chil-
dren of school age, with rates of>50% being reported in high
prevalence countries.11,12 Sleiman et al. (2007, Lebanon)
reported no reaction to tuberculin with a rate of 76.3%,11
and Escobar et al. (2004, Brazil) found that 58.4% of school
children had no reaction to the tuberculin test.12 These
findings show that the BCG, despite high vaccine coverage
(more than 90%), has no remarkable effect on the TST. The
present study observed no influence of BCG on TST response
in the different age and gender groups, which may indicate
that TST positivity in the school children was related toTable 2 Frequency of induration size with 5TU-PPD in BCG-vacci
Age (years) N Vaccinated
<5 mm 5—9 mm
n n (%) n (%)
6 231 216 198 (91.7) 15 (6.9)
7 427 397 363 (91.4) 25 (6.3)
8 448 405 368 (90.8) 27 (6.7)
9 479 437 401 (91.8) 26 (5.9)
10 468 427 399 (93.4) 20 (4.7)
11 458 419 396 (94.5) 16 (3.8)
12 422 380 351 (92.4) 21 (5.5)
13 418 374 349 (93.3) 16 (4.3)
14 308 266 233 (87.6) 24 (9.0)
15 247 197 171 (86.8) 23 (11.7)
5TU-PPD, 5 tuberculin units of purified protein derivative; BCG, bacillnatural infection rather than previous vaccination. There-
fore, detection of TST positivity in children living in countries
with routine vaccination should not necessarily be attributed
to previous BCG vaccination, and the individual should be
evaluated for TB.
There have been many previous studies of TST positivity in
school-aged children,with rates of 7.8% to 32% reported in high
prevalencecountries:11—15Gopietal. (2006, India)with7.8%,13
Sleiman et al. (2007, Lebanon) with 7.8%,11 Garcia-Sancho
et al. (2006, Mexico) with12.4%,14 Serane et al. (2001, India)
with 18.6%,15 and Escobar et al. (2004, Brazil) with 32%.12 The
present study detected a low positive rate in school-aged
children of 2.2%, which is closest to that found in the Tanrikulu
et al. study (2006, Turkey) with a rate of 3.4%.10 However, the
prevalence of active TBwas 75 per 100 000 population, and, as
found in other studies,14—16 household contact with active
pulmonary TB (AFB smear-positive) was the main source
of transmission. These data suggest that although the low
positive TST response rate is linked with the epidemiological
status of TB infection in Iran, it also predicts the development
of active TB in children in contact with active TB.
The ARI is often derived from a tuberculin survey among
children not vaccinated with BCG.7,13 The ARI in our study
among unvaccinated children was 0.5%; this leads to an
estimate of the annual incidence of active TB of 25 per
100 000 in the entire population of the study region. This
rate is higher than that reported by Leung et al.17 and lower
than that of Sleiman et al.11 In the Leung et al. case—control
study in Hong Kong among school children, the prevalence ofnated and BCG-unvaccinated children, Ahvaz, Iran, 2006—2007
Unvaccinated
>10 mm <5 mm 5—9 mm >10 mm
n (%) n n (%) n (%) n (%)
3 (1.4) 15 12 (80) 2 (13.3) 1 (6.7)
9 (2.3) 30 25 (83.3) 3 (10.0) 2 (6.7)
10 (2.5) 43 39 (90.7) 4 (9.3) 0 (0)
10 (2.3) 42 36 (85.7) 4 (9.5) 2 (4.8)
8 (1.9) 41 37 (90.3) 3 (7.3) 1 (2.4)
7 (1.7) 39 35 (89.8) 2 (5.1) 2 (5.1)
8 (2.1) 42 37 (88.1) 5 (11.9) 0 (0)
9 (2.4) 44 37 (84.1) 6 (13.6) 1 (2.3)
9 (3.4) 42 35 (83.3) 6 (14.3) 1 (2.4)
3 (1.5) 50 47 (94.0) 2 (4.0) 1 (2.0)
us Calmette—Gue´rin.
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Sleiman et al., in a tuberculin survey among children aged 3—
19 years, found that 12 children had active TB, a prevalence
of 280 per 100 000 population.11 But, this rate is nearly equal
to the lowest rate for developing countries (25/100 000) and
one-third the highest rate for developing countries (240/
100 000).3,4 In the present study the case incidence was three
times that expected. These findings show that, although the
region of study is of moderate TB epidemiological status, TB
is still a major health problem in pediatrics in Ahvaz, and
maybe in Iran. This situation may be due to difficulties in TB
contact follow-up, especially for children, and this problem
must be resolved.
Conclusions
Tuberculin testing with 5TU-PPD is a valuable diagnostic test
for latent TB and active TB in childhood. BCG vaccination has
no remarkable effect on the interpretation of tuberculin
reactivity. The incidence rate of active pulmonary TB in
children in the region of study is of concern.
Recommendations
(1) Every 5 years, a tuberculin survey on a large scale should
be carried out to define the trends in TB. (2) A revision of
child follow-up in TB households must be considered.
Acknowledgments
The authors wish to thank the chief and personnel of the
Jondishapoor Infectious and Tropical Research Center for
approving and supporting this study, Khuzestan Health
Center, and Khuzestan Educational officers for their kindly
cooperation. We also acknowledge Mr Haghighi Zadeh and
Mr Sahraei for their assistance in statistical analysis.
Conflict of interest: No conflict of interest to declare.
References
1. Raviglione MC, O’Brien RJ. Tuberculosis. In: Kasper DL, Braun-
wald E, Hauser S, Longo D, Jameson JL, Fauci AS, editors.
Harrison’s principles of internal medicine. 16th ed. New York:
McGraw Hill; 2005. p. 953—66.
2. Fitzgerald D, Haas DW. Mycobacterium tuberculosis. In: Mandell
GL, Bennett JE, Dolin R, editors. Principles and practice of
infectious diseases. 6th ed. Philadelphia: Elsevier Churchill
Livingstone; 2005. p. 2852—3.3. World Health Organization. Global tuberculosis control. WHO
report 2000. WHO/CDS/TB/2000.275. Geneva: World Health
Organization; 2000. Available at: http://whqlibdoc.who.int/
hq/2000/WHO_CDS_TB_2000.275.pdf (accessed December
2007).
4. World Health Organization.Global tuberculosis control–—surveil-
lance, planning, financing. WHO/HTM/TB/2007.376. Geneva,
Switzerland: World Health Organization; 2007. Available at:
www.who.int/tb/publications/global_report/en/index.html
(accessed December 2007).
5. Iranian Center for the Control and Prevention of Diseases.
Epidemiological situation of tuberculosis in Iran. Iran: Ministry
of Health; 2002.
6. Mirhaghani L, Nasehi M. National tuberculosis program in Iran.
Iran: Ministry of Health (Nashre Seda); 2002. p. 15—20.
7. Basta PC, Camacho LA. Tuberculin skin test to estimate the
prevalence of Mycobacterium tuberculosis infection in indigen-
ous population in the Americas: a literature review. Cad Saudi
Publica 2006;22:245—54.
8. Bierrenbach AL, Cunha SS, Barreto ML, Pereira SM, Dourado I,
Ichihara MY, et al. Tuberculin reactivity in a population of
schoolchildren with high BCG vaccination coverage. Rev Panam
Salud Publica 2003;13:285—93.
9. Lao LY, De Guia T. Tuberculin skin testing: determinants and
reaction. Respirology 1999;4:311—7.
10. Tanrikulu C, Abakay A, Abakay O, Alp A. Tuberculosis screening
results made at primary schools in Cizre. Tuberk Toraks
2006;54:336—40.
11. Sleiman R, Al-Tannir M, Dakdouki G, Ziade F, Assi NA, Rajab M.
Interpretation of the tuberculin skin test in bacille Calmette—
Gue´rin vaccinated and nonvaccinated school children. Pediatr
Infect Dis J 2007;26:134—8.
12. Escobar AL, Coimbra Jr CE, Camacho LA, Santos RV. Tuberculin
reactivity and tuberculosis epidemiology in the Pakaanova (Wari)
Indians of Rondonia, southwestern Brazilian Amazon. Int Tuberc
Lung Dis 2004;8:45—51.
13. Gopi PG, Subramani R, Nataraj T, Narayanan PR. Impact of BCG
vaccination on tuberculin survey to estimate the annual risk of
tuberculosis infection in South India. Indian J Med Res
2006;124:71—6.
14. Garcia-Sancho FMC, Garcia-Garcia L, Jimenez-Corona ME, Pala-
cios-Martinez M, Ferreyra-Reyes LD, Canizales-Quintero S, et al.
Is tuberculin skin testing useful to diagnose latent tuberculosis in
BCG-vaccinated children? Int J Epidemiol 2006;35:1447—54.
15. Serane VT, Nalini P. Tuberculin reactivity in healthy children in
Pondichery. Indian J Pediatr 2001;68:729—32.
16. Brassard P, Steensma C, Cadieux L, Lands LC. Evaluation of
school-based tuberculosis-screening program and associate
investigation targeting recently immigrated children in a low
burden country. Pediatrics 2006;117:148—56.
17. Leung CC, Yew WW, Chang KC, Tam CM, Chan CK, Law WS, et al.
Risk of active tuberculosis among schoolchildren in Hong Kong.
Arch Pediatr Adolesc Med 2006;160:247—51.
